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DQWLGHSUHVVDQWV 7DNDKDVKL HW DO  '
6D HW DO  &KDQJHV LQ FHUHEHOODU H[SUHVVLRQϭϮϲ
OHYHOV RI 3'($ WKH KXPDQ RUWKRORJXH RI URGHQW 3'($ DUH REVHUYHG LQ SDWLHQWV ZLWKϭϮϳ
DXWLVPRUELSRODUGLVRUGHU%UDXQHWDO)DWHPLHWDOD)XUWKHU3'($OHYHOVϭϮϴ
DUH XSUHJXODWHG LQ OXQJ WLVVXHRI SDWLHQWVZLWK FKURQLF REVWUXFWLYHSXOPRQDU\GLVHDVH &23'ϭϮϵ
%DUEHUHWDO,QWHUHVWLQJO\&23'SDWLHQWVIUHTXHQWO\VXIIHUIURPVOHHSORVV&ULQLRQDQGϭϯϬ
0F1LFKRODV  D FRQGLWLRQ WKDW HOHYDWHV 3'($ SURWHLQ H[SUHVVLRQ LQ WKH PRXVHϭϯϭ
KLSSRFDPSXVZLWKRXWDIIHFWLQJ OHYHOVRIRWKHU3'( LVRIRUPV 9HFVH\HW DO $OWKRXJKϭϯϮ
  +DYHNHVHWDO
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
WKHVH ILQGLQJV VXJJHVW WKDW PHPRU\ LPSDLUPHQWV PD\ EH DVVRFLDWHG ZLWK DOWHUHG 3'($ϭϯϯ
H[SUHVVLRQLWLVXQFOHDUZKHWKHU3'($LQKHDOWK\FRQGLWLRQVWDUJHWVVLJQDOLQJPHFKDQLVPVϭϯϰ
FULWLFDO IRU PHPRU\ ,Q WKH SUHVHQW VWXG\ ZH XVHG D YLUDO DSSURDFK WR LQFUHDVH WKH PRXVHϭϯϱ
3'($ SURWHLQ OHYHOV VHOHFWLYHO\ LQ KLSSRFDPSDO H[FLWDWRU\ QHXURQV in vivo WR DVVHVV WKHϭϯϲ
LPSDFWRIHOHYDWHG3'($H[SUHVVLRQRQKLSSRFDPSDOV\QDSWLFSODVWLFLW\DQGPHPRU\ϭϯϳ
ϭϯϴ
ϭϯϵ
ϭϰϬ
ϭϰϭ
ϭϰϮ
ϭϰϯ
ϭϰϰ
ϭϰϱ
ϭϰϲ
ϭϰϳ
ϭϰϴ
ϭϰϵ
ϭϱϬ
ϭϱϭ
ϭϱϮ
ϭϱϯ
ϭϱϰ
ϭϱϱ
ϭϱϲ
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
0HWKRGVϭϱϳ
Subjectsϭϱϴ
&%/-PDOHPLFHPRQWKVRIDJHZHUHREWDLQHGIURP-DFNVRQ/DERUDWRULHVDWDQDJHRIϭϱϵ
ZHHNV DQGKRXVHG LQ JURXSVRIZLWK OLWWHUPDWHV RQ DKUKU OLJKWGDUN VFKHGXOHZLWKϭϲϬ
OLJKWVRQDWDP=70LFHKDGIRRGDQGZDWHUDYDLODEOHad libitum0LFHXQGHUZHQWVXUJHU\ϭϲϭ
DWDQDJHRIZHHNVZHUHLQGLYLGXDOO\KRXVHGIRUGD\VWRUHFRYHUIURPVXUJHU\DQGWKHQϭϲϮ
SDLUKRXVHGWKURXJKRXWWKHH[SHULPHQW)RUDOOEHKDYLRUDOH[SHULPHQWVPLFHZHUHKDQGOHGLQWKHϭϲϯ
H[SHULPHQWDOURRPIRUGD\VIRUPLQXWHSHUGD\$OOH[SHULPHQWVZHUHFRQGXFWHGDFFRUGLQJWRϭϲϰ
1DWLRQDO ,QVWLWXWHV RI +HDOWK JXLGHOLQHV IRU DQLPDO FDUH DQG XVH DQG ZHUH DSSURYHG E\ WKHϭϲϱ
,QVWLWXWLRQDO$QLPDO&DUHDQG8VH&RPPLWWHHRIWKH8QLYHUVLW\RI3HQQV\OYDQLDϭϲϲ
Viral injections ϭϲϳ
7KH $$9V ZHUH LQMHFWHG XVLQJ D QDQRILO * EHYHOHG QHHGOHV :3, DWWDFKHG WR D  Oϭϲϴ
+DPLOWRQV\ULQJHFRQWUROOHGE\DPLFURV\ULQJHSXPS803:3,DWWKHIROORZLQJVLWHV$3ϭϲϵ
PP'9PPDQGPPEHORZEUHJPDDVGHVFULEHGSUHYLRXVO\+DYHNHVHWDOϭϳϬ
 7KH QHHGOH ZDV VORZO\ ORZHUHG WR WKH WDUJHW VLWH RYHU WKH FRXUVH RI  PLQXWHV DQGϭϳϭ
UHPDLQHG DW WKH WDUJHW VLWH IRU PLQXWH EHIRUH EHJLQQLQJ RI WKH LQMHFWLRQ O SHUPLQXWHϭϳϮ
$SSUR[LPDWHO\O FRUUHFWHG IRUJHQRPHFRS\QXPEHUEHWZHHQ FRQVWUXFWVZDV LQMHFWHGSHUϭϳϯ
KLSSRFDPSXV$IWHUWKHLQMHFWLRQWKHQHHGOHUHPDLQHGDWWKHWDUJHWVLWHIRUPLQXWHDQGWKHQZDVϭϳϰ
VORZO\UHPRYHGRYHUDPLQXWHSHULRGϭϳϱ
DNA manipulation and Virus constructs ϭϳϲ
)XOOOHQJWK UDW 3'($ DQG PRXVH 3'($ FRQVWUXFWV ZHUH EDVHG RQ *HQEDQN DFFHVVLRQϭϳϳ
QXPEHUV / DQG 0 7KH WUXQFDWHG 3'($ WKDW ODFNV WKH ILUVW  EDVH SDLUVϭϳϴ
  +DYHNHVHWDO


HQFRGLQJWKHLVRIRUPXQLTXH1WHUPLQDOGRPDLQ%ROJHUHWDOUHIHUUHGWRDV3'($ǻϭϳϵ
ZDVJHQHUDWHGXVLQJVWDQGDUG3&5FORQLQJSURFHGXUHVDQGWKH6WUDWDJHQH3IX8OWUD+LJK)LGHOLW\ϭϴϬ
'1$ SRO\PHUDVH 7KH S$$9&D0.,,Į3'($969 S$$9&D0.,,Į3'($ǻϭϴϭ
+$S$$9&D0.,,Į3'($+$DQGS$$9&D0.,,ĮH*)3ZHUHSURGXFHGWKURXJKϭϴϮ
VWDQGDUGPHWKRGVDQGSDFNDJHGE\WKH8QLYHUVLW\RI3HQQV\OYDQLDYLUDOFRUH7LWHUVUDQJHGIURPϭϴϯ
[WR[JHQRPHFRS\QXPEHUV$NE&D0.,,ĮSURPRWHUIUDJPHQW'LWWJHQϭϴϰ
HWDOZDVXVHGWRGULYHH[SUHVVLRQVHOHFWLYHO\LQH[FLWDWRU\QHXURQVϭϴϱ
Biochemistryϭϴϲ
(/,6$EDVHGDVVD\NLWV(1=2/LIH6FLHQFHVZHUHXVHGWRPHDVXUHF$03FRQWHQWIROORZLQJϭϴϳ
WKH PDQXIDFWXUHU¶V LQVWUXFWLRQV 3'( DFWLYLW\ DVVD\V DQG ZHVWHUQ EORWV ZHUH FRQGXFWHG DVϭϴϴ
GHVFULEHG 9HFVH\ HW DO )RU DOO RWKHUSURWHLQ DQDO\VHV WLVVXH O\VDWHVZHUHSUHSDUHG LQϭϴϵ
7ULV  P0 S+  6RGLXP GHR[\FKRODWH   6RGLXP IOXRULGH  P0 DFWLYDWHG VRGLXPϭϵϬ
YDQDGDWH0('7$0DQG%HWD*O\FHURSKRVSKDWH03URWHDVHLQKLELWRUV5RFKHϭϵϭ
DQG SKRVSKDWDVH LQKLELWRUV 7KHUPR6FLHQWLILFZHUH DGGHG WR WKH IUHVKO\ SUHSDUHG EXIIHU MXVWϭϵϮ
SULRU WR WLVVXH O\VDWLRQV 6DPSOHV ZHUH FHQWULIXJHG IRU  PLQXWHV DW  [ J DW & DQGϭϵϯ
VXSHUQDWDQW ZDV FROOHFWHG 3URWHLQ FRQFHQWUDWLRQ RI WKH VDPSOHV ZDV PHDVXUHG XVLQJ WKHϭϵϰ
%UDGIRUG PHWKRG /'6 VDPSOH EXIIHU 1XSDJH ,QYLWURJHQ LQFOXGLQJ ȕPHUFDSWRHWKDQRO ZDVϭϵϱ
DGGHGDQGVDPSOHVZHUHIRUERLOHGIRUPLQXWHVSULRUWRORDGLQJRQ&ULWHULRQ7*;ZHOOϭϵϲ
JHOV%LR5DG$IWHUHOHFWURSKRUHVHVSURWHLQVZHUHWUDQVIHUUHGWR39')PHPEUDQHIROORZHGϭϵϳ
E\EORFNLQJIRUKULQPLONLQ7%67$IWHUEORFNLQJPHPEUDQHVZHUHLQFXEDWHGLQPLONϭϵϴ
RU%6$ZLWKRQHRIWKHIROORZLQJDQWLERGLHVZHUHXVHG*$3'+6DQWD&UX].ϭϵϵ
3'($9HFVH\HWDO3'($9HFVH\HWDO+$WDJ5RFKHϮϬϬ
  969WDJ $EFDP   $IWHU LQFXEDWLRQ ZLWK WKH SULPDU\ϮϬϭ
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
DQWLERGLHVPHPEUDQHVZHUHLQFXEDWHGZLWK+53FRQMXJDWHGVHFRQGDU\DQWLERGLHVIRUKRXUDWϮϬϮ
URRP WHPSHUDWXUH 6DQWD&UX]PRXVHVHFRQGDU\DQWLERG\ VF6DQWD&UX] UDEELWϮϬϯ
VHFRQGDU\DQWLERG\VF6DQWD&UX]UDWVHFRQGDU\DQWLERG\VF7KHϮϬϰ
LPPXQRUHDFWLYH EDQGV ZHUH FDSWXUHG RQ DXWRUDGLRJUDSK\ ILOP .RGDN DQG DQDO\]HG XVLQJϮϬϱ
,PDJH-1,+ϮϬϲ
ImmunohistochemistryϮϬϳ
,PPXQRKLVWRFKHPLVWU\ ZDV FRQGXFWHG DV GHVFULEHG ,VLHJDV HW DO  7KH IROORZLQJϮϬϴ
DQWLERGLHVRUFRPELQDWLRQVRIDQWLERGLHVZHUHXVHG3'($9HFVH\HWDO+$ϮϬϵ
WDJ 5RFKH   969WDJ $EFDP   *)$3DOH[D  0LOOLSRUHϮϭϬ
IROORZHGE\WKHDSSURSULDWH$OH[DIOXRUFRQMXJDWHGVHFRQGDU\DQWLERGLHVϮϭϭ
,QYLWURJHQ IRU  KU DW URRP WHPSHUDWXUH ,PDJHV ZHUH FDSWXUHG XVLQJ D /HLFD 63 FRQIRFDOϮϭϮ
PLFURVFRSH ,PPXQRODEHOLQJIRUF$03ZDVFRQGXFWHGXVLQJF$03DQWLERGLHV 0LOOLSRUHϮϭϯ
  LQ FRPELQDWLRQZLWK WKH'$% SURFHGXUH +DYHNHV HW DO 2SWLFDO GHQVLW\Ϯϭϰ
PHDVXUHPHQWVLQWKHFRUSXVFDOORVXPZHUHXVHGWRFRUUHFWIRUEDFNJURXQGODEHOLQJ'$%LPDJHVϮϭϱ
ZHUHFDSWXUHGXVLQJD)LVKHU6FLHQWLILFOLJKWPLFURVFRSHDQGRSWLFDOGHQVLW\PHDVXUHPHQWVZHUHϮϭϲ
FRQGXFWHGXVLQJ,PDJH-Ϯϭϳ
Behavioral assays  Ϯϭϴ
7KH REMHFWSODFH UHFRJQLWLRQ WDVN IHDU FRQGLWLRQLQJ WDVN RSHQ ILHOG WDVN DQG ]HUR PD]H WDVNϮϭϵ
ZHUHFRQGXFWHGDVGHVFULEHG 7UHWWHUHWDO2OLYHLUDHWDO+DYHNHVHWDOEϮϮϬ
+DYHNHVHWDO7UDLQLQJDQGWHVWLQJZDVFRQGXFWHGEHWZHHQ=7DQG=7ϮϮϭ
Cell-culture studies ϮϮϮ
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
1HXURQVSHUPORI&%/-PRXVHKLSSRFDPSXVZHUHSODWHGLQDZHOOGLVKZLWKϮϮϯ
FRDWHGFRYHUVOLSV$ZHHNODWHUZHWUDQVGXFHGWKHQHXURQVZLWKDGHQRDVVRFLDWHGYLUXV$$9ϮϮϰ
YHFWRUVH[SUHVVLQJ969WDJJHG3'($3'($969JDQG+$WDJJHG3'($1WHUPLQDOϮϮϱ
WUXQFDWHGPXWDQW3'($GHOWD+$$WVHYHQGD\VSRVWWUDQVGXFWLRQWKHQHXURQDOFHOOVZHUHϮϮϲ
IL[HGZLWKSDUDIRUPDOGHK\GH3)$LQ3%6DQGLQFXEDWHGZLWKDQWL969DE$EFDPϮϮϳ
DQGDQWL+$DE$EFDPDQWLERGLHVIRULPPXQRIOXRUHVFHQFHDQDO\VLV7KHQHXURQϮϮϴ
VDPSOHVZHUHYLVXDOL]HGZLWKVHFRQGDU\DQWLERGLHVFRQMXJDWHGZLWK$OH[DIOXRUDQGϮϮϵ
G\HV7KHUPR)LVKHU6FLHQWLILFXVLQJIOXRUHVFHQFHLPDJLQJPLFURVFRSHXVLQJ*)3DQG5)3ϮϯϬ
VHOHFWLYHILOWHUVHWVϮϯϭ
ElectrophysiologyϮϯϮ
)LHOGUHFRUGLQJVLQKLSSRFDPSDOVOLFHVZHUHFRQGXFWHGDVSUHYLRXVO\GHVFULEHG+DYHNHVHWDOϮϯϯ
EϮϯϰ
Fret sensor imaging Ϯϯϱ
F$03ZDVPHDVXUHGXVLQJWKH,&8(ELRVHQVRUDVGHVFULEHGSUHYLRXVO\'L3LODWRDQG=KDQJϮϯϲ
 3ULPDU\ UDW KLSSRFDPSDO FXOWXUHVZHUH REWDLQHG DV SUHYLRXVO\ GHVFULEHG 1HYHV HW DOϮϯϳ
 3ULPDU\ KLSSRFDPSDO FXOWXUHV ',9  ZHUH WUDQVIHFWHG XVLQJ /LSRIHFWDPLQH Ϯϯϴ
/LIH WHFKQRORJLHV ZLWK S,&8( NLQGO\ SURYLGHG E\ -LQ =KDQJ DQG P&KHUU\ DORQH RUϮϯϵ
S3'($IXOOPFKHUU\ RU S3'($WUXQFDWHGPFKHUU\   KRXUV ODWHU QHXURQV ZHUH SUHϮϰϬ
LQFXEDWHG IRU  PLQ DW  & ZLWK QLIHGLSLQH 6LJPD$OGULFK DQG WHWURGRWR[LQ 7RFULV WRϮϰϭ
HOLPLQDWHDQ\FDOFLXPRUGHSRODUL]DWLRQLQGXFHGVLJQDOLQJ1HXURQVZHUHWKHQWUDQVIHUUHGWRDQϮϰϮ
LPDJLQJ FKDPEHU PDLQWDLQHG DW  & DQG FRQWLQXDOO\ SHUIXVHG ZLWK ; +%66 /LIHϮϰϯ
7HFKQRORJLHVFRQWDLQLQJP0+(3(6EXIIHU /LIH7HFKQRORJLHVP0JOXFRVHDQGϮϰϰ
  +DYHNHVHWDO
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
P07UROR[ 6LJPD$OGULFK0XOWLSOH ,&8(DQGP&KHUU\H[SUHVVLQJQHXURQVZHUH VHOHFWHGϮϰϱ
7UDQVIHFWHG QHXURQVZHUH LPDJHG HYHU\  VHF RQ DQ LQYHUWHG$[LR2EVHUYHU =PLFURVFRSHϮϰϲ
=HLVV ZLWK DQ DXWRPDWHG VWDJH XVLQJ $[LR9LVLRQ  VRIWZDUH XVLQJ D 3ODQ$SRFKURPDWϮϰϳ
; RLO REMHFWLYH DQG D TXDQW(0 HOHFWURQPXOWLSO\LQJ FKDUJHFRXSOHG GHYLFH FDPHUDϮϰϴ
3KRWRPHWULFV LOOXPLQDWHG E\ D &ROLEUL FRQWUROOHG /(' V\VWHP =HLVV  $W HDFK WLPHSRLQWϮϰϵ
LPDJHVZHUH DFTXLUHG IURP WKH&HUXOHDQDQG)5(7FKDQQHOVZLWK WKH IROORZLQJ VHWWLQJV H[ϮϱϬ
/('QPDQGHPQPIRU&HUXOHDQDQGH[/('QPDQGHPQPIRUϮϱϭ
)5(77KHWLPHFRXUVHRIWKHH[SHULPHQWFRQWDLQHGWKUHHSKDVHVPLQEDVHOLQHPLQRIϮϱϮ
 ȝ0 RI )RUVNROLQ ). 7RFULV IROORZHG E\ PLQ  ȝ0 RI LVREXW\OPHWK\O[DQWLQHϮϱϯ
,%0;7RFULV WRVDWXUDWHF$03UHVSRQVH ,PDJHVZHUHFRQYHUWHG LQWRJUD\VFDOHYDOXHVDQGϮϱϰ
WKHGHQGULWLFIOXRUHVFHQWLQWHQVLWLHVZHUHPHDVXUHGZLWK,PDJH-DIWHUEDFNJURXQGFRUUHFWLRQ7KHϮϱϱ
UDWLRRI&HUXOHDQDQG)5(7ZDVFDOFXODWHGIRUHDFKWLPHSRLQWϮϱϲ
Statistical analyses Ϯϱϳ
'DWDDQDO\VLVZDVSHUIRUPHGXVLQJ6366YHUVLRQ'DWDZDVDQDO\]HGXVLQJRQHZD\RUWZRϮϱϴ
ZD\ $129$V LQ VRPH FDVHV ZLWK UHSHDWHG PHDVXUHV DV WKH ZLWKLQ VXEMHFW YDULDEOHϮϱϵ
LQGHSHQGHQWVDPSOHVWWHVWVSDLUHGWWHVWVRURQHZD\$129$VFRPELQHGZLWK7XNH\SRVWKRFϮϲϬ
WHVWV'LIIHUHQFHVZHUHFRQVLGHUHGVWDWLVWLFDOO\VLJQLILFDQWZKHQP$OOGDWDDUHSORWWHGDVϮϲϭ
PHDQVHPϮϲϮ
Ϯϲϯ
Ϯϲϰ
Ϯϲϱ
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5HVXOWVϮϲϴ
Overexpression of PDE4A5 in hippocampal excitatory neurons increases PDE4 activity and Ϯϲϵ
reduces cAMP levels  ϮϳϬ
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Elevated hippocampal PDE4A5 levels attenuate cAMP-dependent synaptic plasticity 
,QLWLDO HOHFWURSK\VLRORJLFDO FKDUDFWHUL]DWLRQ RI V\QDSWLF WUDQVPLVVLRQ LQ WKH 6FKDIIHU FROODWHUDO
&$ SDWKZD\ LQYROYHG PHDVXULQJ EDVDO V\QDSWLF WUDQVPLVVLRQ DQG SDLUHGSXOVH IDFLOLWDWLRQ
33)DQLQGH[RIVKRUWWHUPSODVWLFLW\,QFUHDVHG3'($SURWHLQGLGQRWDOWHUEDVDOV\QDSWLF
  +DYHNHVHWDO


WUDQVPLVVLRQH*)3Q 3'($Q WWHVW P )LJ$RU33)H*)3Q
 3'($Q $129$HIIHFWRIYLUXV)  P )LJ%0D[LPXP
I(363 VORSHV ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ JURXSV H*)3 Q      
P9PV3'($Q P9PVWWHVW P  %DWKDSSOLFDWLRQRI
IRUVNROLQDFWLYDWHVDGHQ\O\OF\FODVHVOHDGLQJWRLQFUHDVHGLQWUDFHOOXODUF$03OHYHOVDQGV\QDSWLF
SRWHQWLDWLRQ 9HFVH\ HW DO  +DYHNHV HW DO E 3DUN HW DO  3'($
RYHUH[SUHVVLRQUHGXFHVWKHV\QDSWLFSRWHQWLDWLRQIROORZLQJDSSOLFDWLRQRIIRUVNROLQ0ZLWK
DVLJQLILFDQWUHGXFWLRQLQWKHPHDQI(363VORSHRYHUWKHODVWPLQXWHVRIWKHUHFRUGLQJH*)3
   3'($    WWHVW   P    )LJ & 7KLV ILQGLQJ
VXJJHVWV WKDWF$03GHSHQGHQWV\QDSWLFSODVWLFLW\ LQ WKHKLSSRFDPSXV LV LPSDLUHGE\HOHYDWLQJ
3'($,QIXWXUHVWXGLHVLWZLOOEHLQWHUHVWLQJWRGHWHUPLQHZKHWKHU3'($RYHUH[SUHVVLRQ
DOVR UHSURGXFHV GHILFLWV LQ RWKHU IRUPV ORQJODVWLQJ /73 NQRZQ WR EH DWWHQXDWHG E\ VOHHS
GHSULYDWLRQVXFKDV/73LQGXFHGE\VSDFHGIRXUWUDLQRU WKHWDEXUVWVWLPXODWLRQ9HFVH\HWDO
3ULQFHHWDO

Increasing PDE4A5 in the hippocampus attenuates the formation of long-term context-shock 
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Overexpression of PDE4A5 in hippocampal excitatory neurons attenuates the consolidation of 
long-term object-place memories 
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PHPRU\ IRUPDWLRQ +LSSRFDPSDO RYHUH[SUHVVLRQ RI 3'($ GRHV QRW DIIHFW H[SORUDWLYH
EHKDYLRURUDQ[LHW\OHYHOVLQUHVSHFWLYHO\DQRSHQILHOGH*)3Q 3'($Q WWHVW 
P )LJ+DQG]HURPD]HH*)3Q 3'($Q WWHVW P 
 )LJ , 7KXV RXU EHKDYLRUDO VWXGLHV LQGLFDWH WKDW WKH1WHUPLQDO WDUJHWLQJ GRPDLQ RI
3'($ SOD\V DQ HVVHQWLDO UROH LQ WKH WDUJHWLQJ RI F$03 VLJQDOLQJ FULWLFDO IRU ORQJWHUP
PHPRU\IRUPDWLRQ
Full length PDE4A5 but not truncated PDE4A5 attenuates forskolin-mediated FRET cAMP 
responses
%HFDXVHRXUEHKDYLRUDOVWXGLHVVXJJHVWHGWKDW WKH1WHUPLQDOGRPDLQSOD\VDQHVVHQWLDO
UROH LQ WKHFRPSDUWPHQWDOL]DWLRQRI3'($ZHPHDVXUHGF$03UHVSRQVHVXVLQJ WKH ,&8(
ELRVHQVRULQKLSSRFDPSDOQHXURQVH[SUHVVLQJHLWKHUDFRQWUROYHFWRUIXOOOHQJWK3'($RUWKH
1WHUPLQDOODFNLQJ3'($ǻ%DVHOLQH)5(7UHVSRQVHVZHUHQRWDIIHFWHGE\RYHUH[SUHVVLRQRI
HLWKHU FRQVWUXFW $129$ HIIHFW RI FRQVWUXFW )    P    )LJXUH $ %
  +DYHNHVHWDO


([SUHVVLRQ RI 3'($ EXW QRW 3'($ǻ DWWHQXDWHG WKH IRUVNROLQPHGLDWHG )5(7 UHVSRQVH
$129$HIIHFWRI FRQVWUXFW) P3'($YVFRQWURO7XNH\ WHVWP < 
3'($YV3'($ǻ7XNH\WHVWP )LJXUH$%&RQVHFXWLYHEDWKDSSOLFDWLRQ
ZLWK WKH 3'( LQKLELWRU ,%0; QRUPDOL]HG WKH )5(7 UHVSRQVHV $129$ HIIHFW RI FRQVWUXFW
) P )LJXUH$% LQGLFDWLQJ WKDW WKHGHFUHDVH LQ)5(7UHVSRQVHGXH WR
RYHUH[SUHVVLRQ RI 3'($ ZDV QRW GXH WR QRQVSHFLILF DOWHUDWLRQV LQ 3'(F$03 VLJQDOLQJ
7RJHWKHU WKHVH GDWD LQGLFDWH WKDW WKH 1WHUPLQDO RI 3'($ SOD\V D FULWLFDO UROH LQ WKH
ORFDOL]DWLRQ RI 3'($ WR VSHFLILF LQWUDFHOOXODU GRPDLQV ZKHUH LW KDPSHUV ORFDO F$03
GHSHQGHQWSURFHVVHVFULWLFDOIRUV\QDSWLFSODVWLFLW\DQGPHPRU\
The N-terminal domain of PDE4A5 plays an essential role in the compartmentalization of PDE 
isoforms
2XUEHKDYLRUDOGDWDVXJJHVWWKDWWKH1WHUPLQDOGRPDLQRI3'($SOD\VDQHVVHQWLDOUROHLQWKH
FRPSDUWPHQWDOL]DWLRQRIWKH3'($LVRIRUPWRF$03FRQWDLQLQJFRPSOH[HVFULWLFDOIRU
OHDUQLQJDQGPHPRU\7KHUHIRUHZHYLUDOO\H[SUHVVHGIXOOOHQJWKDQGWUXQFDWHG1WHUPLQDO
ODFNLQJ3'($LQFXOWXUHGKLSSRFDPSDOQHXURQVWRFRPSDUHWKHLQWUDFHOOXODUGLVWULEXWLRQRI
WKHVHLVRIRUPV:HIRXQGWKDWWKHIRFXVRIIXOOOHQJWK3'($LPPXQRIOXRUHVFHQFHLQWKH
FXOWXUHGQHXURQVLVDWERWKDGLVFUHWHSHULQXFOHDUDUHDDQGLQGHQGULWLFFRPSDUWPHQWV/HIW
SDQHOV)LJXUH,QFRQWUDVWWUXQFDWHG3'($ODFNLQJWKH1WHUPLQDOGRPDLQXQLTXHIRUWKLV
LVRIRUPZDVORFDWHGSUHGRPLQDQWO\LQWKHSHULQXFOHDUUHJLRQ0LGGOHSDQHOV)LJXUH7KHVH
ILQGLQJVFRQILUPSUHYLRXVZRUNKLJKOLJKWLQJWKHLPSRUWDQFHRILVRIRUPXQLTXH1WHUPLQDO
GRPDLQVLQGHWHUPLQLQJWKHLQWUDFHOOXODUGLVWULEXWLRQRI3'($HQ]\PHV+RXVOD\HWDO
+XVWRQHWDO
  +DYHNHVHWDO


'LVFXVVLRQ
3KRVSKRGLHVWHUDVHVSOD\DQHVVHQWLDOUROHLQRUFKHVWUDWLQJWKHFRPSDUWPHQWDOL]HGGHJUDGDWLRQRI
F$03OHDGLQJWRORFDOFKDQJHVLQF$03VLJQDOLQJLQVSHFLILFVXEFHOOXODUGRPDLQVLQWKHFHOO
+RXVOD\7KLVLVLQSDUWDFKLHYHGE\LVRIRUPVSHFLILF1WHUPLQDOGRPDLQVWKDWELQGWR
VSHFLILFORFDOL]HGSURWHLQFRPSOH[HVZKLFKHQDEOHVLQGLYLGXDO3'(LVRIRUPVWRWDUJHWORFDO
F$03VLJQDOLQJDQGWKHUHE\UHJXODWHDXQLTXHVHWRIPROHFXODUSURFHVVHV+RXVOD\7KH
3'($LVRIRUPKDVDXQLTXHDPLQRDFLG1WHUPLQDOUHJLRQLQYROYHGLQLWVLQWUDFHOOXODU
WDUJHWLQJ%HDUGHWDO%ROJHUHWDO8VLQJDYLUDODSSURDFKZHVKRZWKDWLQFUHDVHG
H[SUHVVLRQRI3'($VHOHFWLYHO\LQKLSSRFDPSDOH[FLWDWRU\QHXURQVDWWHQXDWHVDF$03
GHSHQGHQWIRUPRIV\QDSWLFSODVWLFLW\LQKLSSRFDPSDODUHD&$UHGXFHVIRUVNROLQPHGLDWHG
LQFUHDVHVLQF$03FRQWHQWLQFXOWXUHGKLSSRFDPSDOQHXURQVDQGLPSDLUVORQJWHUPPHPRU\
IRUPDWLRQVSHFLILFDOO\LQOHDUQLQJWDVNVWKDWUHTXLUHWKHKLSSRFDPSXV)XUWKHUPRUHWRDVVHVVWKH
UROHRIWKH1WHUPLQDOGRPDLQRI3'($LQFRPSDUWPHQWDOL]LQJDQGWDUJHWLQJF$03
GHSHQGHQWVLJQDOLQJFRPSOH[HVFULWLFDOIRUPHPRU\VWRUDJHZHUHSOLFDWHGWKHELRFKHPLFDODQG
EHKDYLRUDOVWXGLHVXVLQJDQ1WHUPLQDOODFNLQJWUXQFDWHGYHUVLRQRIWKHVDPHSURWHLQ,QFRQWUDVW
WRWKHREVHUYDWLRQVZLWKIXOOOHQJWK3'($H[SUHVVLRQRIWKH1WHUPLQDOWUXQFDWHG3'($
FRQVWUXFWGRHVQRWDWWHQXDWHIRUVNROLQPHGLDWHGDOWHUDWLRQVLQF$03UHVSRQVHVLQFXOWXUHG
QHXURQVGRHVQRWDIIHFWKLSSRFDPSXVGHSHQGHQWIRUPVRIPHPRU\EXWGRHVDOWHUWKH
LQWUDFHOOXODUGLVWULEXWLRQRIWKLVLVRIRUP
2XURYHUH[SUHVVLRQVWXGLHVZLWKIXOOOHQJWK3'($DQG3'($DVZHOODVWUXQFDWHG
3'($HPSKDVL]HWKDWLQFUHDVHVLQSURWHLQOHYHOVRIVSHFLILF3'(LVRIRUPVLQLWLDWHVWKH
GHFUHDVHLQF$03OHYHOVLQVSHFLILFQHXURQDOFRPSDUWPHQWVUDWKHUWKDQFDXVLQJDJOREDOQRQ
VSHFLILFGHFUHDVHLQF$03WKURXJKRXWWKHFHOO2XURYHUH[SUHVVLRQVWXGLHVVXJJHVWWKDWWKH
  +DYHNHVHWDO


FRPPRQGRPDLQVVKDUHGE\WKHGLIIHUHQW3'($LVRIRUPVLQFOXGLQJWKHFDWDO\WLFGRPDLQDQG
WKHFRQVHUYHGUHJXODWRU\UHJLRQVDQG8&5DQG8&5GRQRWOLNHO\FRQWULEXWHWRWKH
KLSSRFDPSXVGHSHQGHQWFRJQLWLYHGHILFLWVDVVRFLDWHGZLWK3'($RYHUH[SUHVVLRQ7KHODFNRI
DQLPSDFWRIWKH1WHUPLQDOODFNLQJ3'($LVRIRUPDWWKHEHKDYLRUDOOHYHOLVQRWOLNHO\WREH
H[SODLQHGE\DUHGXFWLRQLQWKHHIILFDF\RIWKHWUXQFDWHGLVRIRUPWRGHJUDGHF$03DVZH
SUHYLRXVO\VKRZHGWKDWWKHORVVRIWKHLVRIRUPVSHFLILF1WHUPLQDOGRPDLQOHDGVWRDQLQFUHDVH
UDWKHUWKDQGHFUHDVHLQFDWDO\WLFDFWLYLW\%HDUGHWDO
2XUILQGLQJVDOVRUHYHDOWKHLPSRUWDQFHRIWKHLVRIRUPVSHFLILF1WHUPLQDOGRPDLQIRU
WDUJHWLQJLQGLYLGXDO3'(LVRIRUPVWRF$03VLJQDOLQJFULWLFDOIRUFRJQLWLYHSURFHVVHVDQG
FRQILUPVDQGH[SDQGVRQSUHYLRXVin vitro ZRUNVKRZLQJWKDWWUXQFDWLRQRIWKH1WHUPLQDOUHJLRQ
RI3'($DOWHUVLWVPHPEUDQHDVVRFLDWLRQDQGORFDOL]DWLRQDWWKHFHOOPDUJLQ+XVWRQHWDO
%HDUGHWDO%ROJHUHWDO+RXVOD\$WWKHPHPEUDQH3'(LVRIRUPV
FDQLQWHUDFWZLWKPROHFXODUHOHPHQWVFULWLFDOIRUOHDUQLQJDQGPHPRU\VXFKDVEHWDDUUHVWLQV/L
HWDO7KHXQLTXH1WHUPLQDOGRPDLQRI3'($DOVRDOORZVIRUDVVRFLDWLRQZLWKFHUWDLQ
6+GRPDLQFRQWDLQLQJSURWHLQVVXFKDVFHUWDLQPHPEHUVRIWKHVUFW\URV\ONLQDVHIDPLO\
LQFOXGLQJ6UF)\QDQG/\Q%HDUGHWDO%HDUGHWDODQGUHFHQWZRUNLQGLFDWHV
WKDW)\QLQKLELWLRQUHYHUVHVPHPRU\GHILFLWVLQPRXVHPRGHOVIRU$O]KHLPHU¶VGLVHDVH.DXIPDQ
HWDO3'($DOVRLQWHUDFWVZLWK'LVUXSWHGLQ6FKL]RSKUHQLD',6&0XUGRFKHWDO
DPDMRUULVNIDFWRUIRUVFKL]RSKUHQLDDQGRWKHUSV\FKLDWULFGLVHDVHVVXFKDVELSRODU
GLVRUGHUDQGGHSUHVVLRQ3RUWHRXVDQG0LOODU7KHUHIRUHPLVUHJXODWLRQRI',6&UHODWHG
VLJQDOLQJPHFKDQLVPVPD\FRQWULEXWHWRWKHHQGRSKHQRW\SHVDVVRFLDWHGZLWKRYHUH[SUHVVLRQRI
3'($7KH1WHUPLQDOGRPDLQRI3'($DOVRELQGVWKHLPPXQRSKLOLQ;$3DOVRFDOOHG
$,3DQG$5$%ROJHUHWDODOWKRXJKWRRXUNQRZOHGJHQRVWXGLHVKDYHH[DPLQHGWKH
  +DYHNHVHWDO


UROHRI;$3LQOHDUQLQJDQGPHPRU\'HOHWLRQRIWKHXQLTXHSDUWRIWKH1WHUPLQDOGRPDLQDOVR
GLVUXSWVWKHIRFXVRI3'($ORFDOL]DWLRQZLWKLQUXIIOHVDWWKHFHOOPDUJLQ%HDUGHWDO
$VPHPEUDQHUXIIOHVSOD\DQHVVHQWLDOUROHLQFHOOPRWLOLW\DQGVSLQHG\QDPLFVDQGWKURXJKWKH
UHPRGHOLQJRIWKHDFWLQF\WRVNHOHWRQ&KKDEUDDQG+LJJV+RQNXUDHWDORQH
DGGLWLRQDOPHFKDQLVPWKURXJKZKLFK3'($FRXOGDIIHFWPHPRU\IRUPDWLRQLVE\QHJDWLYHO\
LPSDFWLQJF$03GHSHQGHQWVLJQDOLQJPHFKDQLVPVWKDWPRGXODWHDFWLQG\QDPLFV)XWXUHVWXGLHV
LQFOXGLQJFRLPPXQRSUHFLSLWDWLRQDQGFRORFDOL]DWLRQH[SHULPHQWVZLWKWKH1WHUPLQDOGRPDLQ
ELQGLQJSURWHLQVZLOOKDYHWRGHILQHZKHWKHUWKHVHFDQGLGDWHPHFKDQLVPVLQGHHGFRQWULEXWHWR
WKHSODVWLFLW\GHILFLWVDQGPHPRU\LPSDLUPHQWVDVVRFLDWHGZLWKHOHYDWHGH[SUHVVLRQRIWKLV
LVRIRUP
6OHHSGHSULYDWLRQQHJDWLYHO\LPSDFWVFRJQLWLYHSURFHVVHVSDUWLFXODUO\WKRVHWKDWUHTXLUH
WKHKLSSRFDPSXV+DYHNHVHWDOD$EHOHWDO.UHXW]PDQQHWDO:H
SUHYLRXVO\IRXQGWKDWDVLQJOHEULHISHULRGRIVOHHSGHSULYDWLRQHOHYDWHG3'(DFWLYLW\DQG
UHGXFHGF$03OHYHOVLQWKHKLSSRFDPSXV7KHVHFKDQJHVZHUHDFFRPSDQLHGE\DVSHFLILF
LQFUHDVHLQ3'($SURWHLQH[SUHVVLRQZLWKRXWDIIHFWLQJWKHSURWHLQOHYHOVRIRWKHU3'(
LVRIRUPVVXFKDV3'(%3'('DQG3'('9HFVH\HWDO7KHPHPRU\GHILFLWV
DVVRFLDWHGZLWKDVLQJOHKRXUSHULRGRIVOHHSGHSULYDWLRQFRXOGEHSUHYHQWHGE\
SKDUPDFRORJLFDOLQKLELWLRQRIWKH3'(IDPLO\9HFVH\HWDODQGWUDQVLHQWO\LQFUHDVLQJ
F$03OHYHOVVHOHFWLYHO\LQKLSSRFDPSDOQHXURQV+DYHNHVHWDO'HVSLWHWKHVH
REVHUYDWLRQVLWUHPDLQVWREHGHILQHGZKHWKHUWKHLQFUHDVHLQ3'($IXQFWLRQLQWKH
KLSSRFDPSXVZDVFDXVDOO\UHODWHGWRWKHPHPRU\DQGSODVWLFLW\LPSDLUPHQWVDVVRFLDWHGZLWK
VOHHSORVV,QRXUFXUUHQWVWXG\ZHREVHUYHGWKDWLQFUHDVLQJKLSSRFDPSDO3'($OHYHOV
LPSDLUVORQJWHUPPHPRU\IRUPDWLRQLQFRQWH[WXDOIHDUFRQGLWLRQLQJDQGREMHFWSODFH
  +DYHNHVHWDO


UHFRJQLWLRQWDVNV)LJ,QERWKOHDUQLQJSDUDGLJPVWKHIRUPDWLRQRIORQJWHUPPHPRULHV
FULWLFDOO\GHSHQGVRQSURSHUKLSSRFDPSDOIXQFWLRQ/H'RX[2OLYHLUDHWDODQGWKH
REVHUYHGLPSDLUPHQWVLQERWKWDVNVPLPLFWKRVHREVHUYHGZLWKVOHHSGHSULYDWLRQ*UDYHVHWDO
9HFVH\HWDO+DJHZRXGHWDO)ORULDQHWDO+DYHNHVHWDOD
$EHOHWDO+DYHNHVHWDO8VLQJHOHFWURSK\VLRORJLFDOUHFRUGLQJVZHVKRZWKDW
LQFUHDVLQJ3'($SURWHLQOHYHOVLPSDLUVIRUVNROLQLQGXFHGV\QDSWLFSODVWLFLW\)LJDGHILFLW
WKDWDOVRRFFXUVDIWHUKRXUVRIVOHHSGHSULYDWLRQ9HFVH\HWDO,QVXPPDU\WKLVZRUN
UHYHDOVWKDWHOHYDWHGH[SUHVVLRQRIWKH3'($LVRIRUPLQKLSSRFDPSDOQHXURQVLVVXIILFLHQWWR
PLPLFHOHFWURSK\VLRORJLFDODQGFRJQLWLYHSKHQRW\SHVDVVRFLDWHGZLWKVOHHSORVV
7RRXUNQRZOHGJHWKLVZRUNLVWKHILUVWWRGHILQHWKHIXQFWLRQRIWKH3'($LVRIRUP
DQGSURWHLQGRPDLQVLQKLSSRFDPSDOIXQFWLRQ)URPDEURDGHUSHUVSHFWLYHRXUZRUNZLOOKHOS
GHILQHWKHFRQWULEXWLRQRILQGLYLGXDO3'(LVRIRUPVWRWKHHQGRSKHQRW\SHVRIQHXURFRJQLWLYHDQG
QHXURSV\FKLDWULFGLVRUGHUVWKDWDUHDFFRPSDQLHGE\DOWHUHG3'(VLJQDOLQJDQGIDFLOLWDWHWKH
GHYHORSPHQWRIQRYHOWKHUDSHXWLFVWUDWHJLHVEDVHGRQWKHWDUJHWLQJRIVSHFLILFGRPDLQVRI
LQGLYLGXDO3'(LVRIRUPV5HODWHGWRWKLVQRWLRQWKHUHLVQRZDZHDOWKRIHYLGHQFHFRQVLVWHQW
ZLWKWKHLGHDWKDWWKHHYROXWLRQDU\FRQVHUYHGGLYHUVLW\RI1WHUPLQDOUHJLRQVWKDWGHILQHVSHFLILF
3'(LVRIRUPVLVUHODWHGWRWKHLUUHFUXLWPHQWWRVSHFLILFVLJQDOLQJFRPSOH[HV+RXVOD\
:HDQGRWKHUVKDYHGHPRQVWUDWHGWKDWVXFKLQWHUDFWLRQVFDQEHGLVUXSWHGXVLQJFHOOSHUPHDEOH
SHSWLGHVDQGDOVRWKDWVXFKVSHFLHVFDQSKHQRFRS\GRPLQDQWQHJDWLYHDSSURDFKHVi.e.(Smith et 
al., 2007; Serrels et al., 2010; Martin et al., 2014),QGHHGDQHQJLQHHUHGSHSWLGHGLVUXSWLQJ
3'('+63LQWHUDFWLRQVVKRZVLQYLYRHIILFDF\LQDPRXVHPRGHORISUHVVXUHRYHUORDG
PHGLDWHGK\SHUWURSK\0DUWLQHWDO7KHDELOLW\WRUHILQHVXFKGLVUXSWRUSHSWLGHVIRULQ
YLYRXVHFRXOGEHIDFLOLWDWHGWKURXJKXVHRI105WRXQFRYHUWKHLUVWUXFWXUH6PLWKHWDO
  +DYHNHVHWDO


WRJHWKHUZLWKWKHLQFRUSRUDWLRQRIQRQQDWLYHDPLQRDFLGVDQGWKHDGGLWLRQRIOLSLGVSHFLHVWR
IDFLOLWDWHFHOOHQWU\WRJHWKHUZLWKWUXQFDWLRQDQGPRGLILFDWLRQWRJHQHUDWHSHSWLGRPLPHWLF
VSHFLHV,GHQWLILFDWLRQRIWKHIXQFWLRQDODQFKRUVSHFLHVIRU3'($LQWKLVVFHQDULRZRXOGWKHQ
WDNHGHYHORSPHQWVWRDOHYHOZKHUHKLJKWKURXJKSXWVFUHHQLQJIRUVPDOOPROHFXOHGUXJOLNH
GLVUXSWRUVSHFLHVRI3'($DQGLW$VIXQFWLRQDODQFKRUEHFRPHVDUHDOLVWLFDSSURDFK
$GGLWLRQDOO\KLJKFRQWHQWVFUHHQVIRUFRPSRXQGVWKDWGLVORFDWH3'($IURPLWVUHOHYDQW
FRPSDUWPHQWLQFHOOVZRXOGSURYLGHDQRWKHUPHDQVRIVXFKFRPSRXQGV7KHDLPZRXOGEHWR
XQFRYHUVPDOOSHSWLGHVDQGSHSWLGRPLPHWLFVRIVPDOOPROHFXOHVWKDWHQWHUWKHEUDLQDQGGLVORFDWH
3'($IURPWKHIXQFWLRQDOO\UHOHYDQWDQFKRUSURWHLQVLJQDOLQJFRPSOH[LQRUGHUWR
UHFDSLWXODWHWKHSKHQRW\SHZHGHVFULEHLQWKHVHVWXGLHV









  +DYHNHVHWDO
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
)LJXUH/HJHQGV
)LJXUH  2YHUH[SUHVVLRQ RI 3'($ LQ KLSSRFDPSDO H[FLWDWRU\ QHXURQV LQFUHDVHVϮϳϭ
3'($ SURWHLQ OHYHOV DQG 3'( DFWLYLW\ A 0LFH ZHUH ELODWHUDOO\ LQMHFWHG ZLWK $$9ϮϳϮ
&D0.,,H*)3 RU $$9&D0.,,3'($969 LQWR WKH KLSSRFDPSXV B 9LUDO 3'($Ϯϳϯ
SURWHLQ H[SUHVVLRQZDV UHVWULFWHG WR WKH KLSSRFDPSXVC-E 9LUDO H[SUHVVLRQ RI 3'($ZDVϮϳϰ
REVHUYHG LQ DOO WKUHH PDMRU KLSSRFDPSDO VXEUHJLRQV F-H 7UDQVJHQH H[SUHVVLRQ ZDV QRWϮϳϱ
REVHUYHG LQ KLSSRFDPSDO DVWURF\WHV 3'($969 UHG *)$3 JUHHQ ORZHU SDQHOV I $Ϯϳϲ
UHSUHVHQWDWLYHLPPXQREORWIRU3'($SURWHLQOHYHOV9LUDORYHUH[SUHVVLRQRI3'($OHDGVWRϮϳϳ
VLJQLILFDQWO\KLJKHU3'($SURWHLQOHYHOVLQKLSSRFDPSDOO\VDWHVQ WWHVW  P Ϯϳϴ
J2YHUH[SUHVVLRQRI3'($VLJQLILFDQWO\LQFUHDVHV3'(DFWLYLW\Q WWHVW Ϯϳϵ
P ZLWKRXWDIIHFWLQJQRQ3'(DFWLYLW\WWHVW  P $OOHUURUϮϴϬ
EDUVGHQRWHVHPLQGLFDWHVP LQGLFDWHVP Ϯϴϭ
)LJXUH 2YHUH[SUHVVLRQ RI 3'($ LQ KLSSRFDPSDO H[FLWDWRU\ QHXURQV UHGXFHV F$03ϮϴϮ
OHYHOV LQ WKH KLSSRFDPSXV A 9LUDO H[SUHVVLRQ RI 3'($ UHGXFHV F$03 OHYHOV LQ WKHϮϴϯ
KLSSRFDPSXVH*)3Q 3'($Q WWHVW  P EXWQRWLQWKHSUHIURQWDOϮϴϰ
FRUWH[ WWHVW    P    RU FHUHEHOOXP WWHVW    P    B CϮϴϱ
5HSUHVHQWDWLYH F$03 LPPXQRUHDFWLYLW\ LPDJHV LQ PLFH H[SUHVVLQJ H*)3 RU RYHUH[SUHVVLQJϮϴϲ
3'($1RWH WKHUHGXFWLRQ LQF$03LPPXQRUHDFWLYLW\ LQ WKHPDMRUKLSSRFDPSDOVXEUHJLRQVϮϴϳ
H*)3Q 3'($Q &$WWHVW  P &$WHVW  P Ϯϴϴ
'*WHVW  P EXWQRWLQWKHDP\JGDODQ WWHVW P $OOϮϴϵ
HUURUEDUVGHQRWHVHPLQGLFDWHVPLQGLFDWHVP ϮϵϬ
Ϯϵϭ
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

)LJXUH2YHUH[SUHVVLRQRI3'($LQKLSSRFDPSDOH[FLWDWRU\QHXURQVUHGXFHVIRUVNROLQϮϵϮ
LQGXFHG SRWHQWLDWLRQA ,QSXWRXWSXW FXUYHV UHODWLQJ WKH DPSOLWXGH RI WKH SUHV\QDSWLF ILEHUϮϵϯ
YROOH\ WR WKH LQLWLDO VORSH RI WKH FRUUHVSRQGLQJ I(363 DW YDULRXV VWLPXOXV LQWHQVLWLHV ZDV QRWϮϵϰ
DOWHUHGGXHWRYLUDORYHUH[SUHVVLRQRI3'($LQKLSSRFDPSDOQHXURQVQ WWHVW PϮϵϱ
 B3'($RYHUH[SUHVVLRQGRHVQRWFKDQJHSDLUHGSXOVHIDFLOLWDWLRQDVKRUWWHUPIRUPϮϵϲ
RIV\QDSWLFSODVWLFLW\LQKLSSRFDPSDOVOLFHVQ WZRZD\UHSHDWHGPHDVXUHV$129$HIIHFWϮϵϳ
RIYLUXV) P C(OHYDWHGH[SUHVVLRQRI3'($LQKLSSRFDPSDOQHXURQVϮϵϴ
DWWHQXDWHV/73LQGXFHGE\EDWKDSSOLFDWLRQZLWK WKHDGHQ\ODWHF\FODVHDFWLYDWRU IRUVNROLQ7KHϮϵϵ
PHDQ I(363 VORSH RYHU WKH ODVW  PLQXWHV RI WKH UHFRUGLQJ ZDV VLJQLILFDQWO\ UHGXFHG LQϯϬϬ
3'($PLFHH*)3Q 3'($Q WWHVW PϯϬϭ
 ,QDOOVDPSOHVZHHSVEODFNWUDFHVLQGLFDWHEDVHOLQHDQGUHGWUDFHVZHUHDFTXLUHGDWϯϬϮ
KUDIWHUWHWDQXVϯϬϯ
)LJXUH/RFDOL]DWLRQRI3'($E\WKHXQLTXH1WHUPLQDOSOD\VDFHQWUDOUROHLQWKHϯϬϰ
PHPRU\GHILFLWVDVVRFLDWHGZLWKRYHUH[SUHVVLRQRI3'($A2YHUH[SUHVVLRQRI3'($ϯϬϱ
LQKLSSRFDPSDOQHXURQVLPSDLUVWKHIRUPDWLRQRIORQJWHUPPHPRULHVIRUFRQWH[WIHDUϯϬϲ
DVVRFLDWLRQVQ IRUERWKJURXSVWWHVW P ZLWKRXWDIIHFWLQJIUHH]LQJOHYHOVϯϬϳ
GXULQJWUDLQLQJSUHVKRFNWWHVW P SRVWVKRFNWWHVW P BϯϬϴ
,QFRQWUDVWHOHYDWHG3'($SURWHLQOHYHOVLQKLSSRFDPSDOQHXURQVGRQRWFKDQJHWKHIRUPDWLRQϯϬϵ
RIVKRUWWHUPFRQWH[WXDOIHDUPHPRULHVQ WWHVWSUHVKRFNWWHVW P SRVWϯϭϬ
VKRFNWWHVW P C3'($RYHUH[SUHVVLRQLQKLSSRFDPSDOQHXURQVGRHVQRWϯϭϭ
DOWHUWKHFRQVROLGDWLRQRIDP\JGDODGHSHQGHQWWRQHFXHGIHDUPHPRULHVQ 3UH&6WϯϭϮ
WHVW  P &6WWHVW P DQGGLGDOVRQRWDIIHFWIUHH]LQJOHYHOϯϭϯ
GXULQJWUDLQLQJLQHLWKHUIHDUFRQGLWLRQLQJSDUDGLJPP!IRUDOOFRPSDULVRQVDϯϭϰ
  +DYHNHVHWDO


2YHUH[SUHVVLRQRIDWUXQFDWHGIRUPRI3'($3'($ǻWKDWODFNVWKHLVRIRUPXQLTXH1ϯϭϱ
WHUPLQDOGRPDLQRUWKHVKRUWLVRIRUP3'($LQKLSSRFDPSDOQHXURQVGRHVQRWDOWHUWKHϯϭϲ
IRUPDWLRQRIORQJWHUPFRQWH[WXDOIHDUPHPRULHVH*)3YV3'($ǻQ WWHVW Pϯϭϳ
 H*)3YV3'($Q WWHVW P!)LJ'E ,QFUHDVLQJH[SUHVVLRQRIϯϭϴ
3'($LQKLSSRFDPSDOH[FLWDWRU\QHXURQVLPSDLUVPHPRU\FRQVROLGDWLRQIRUREMHFWORFDWLRQQϯϭϵ
 WWHVW P F,QFRQWUDVWLQFUHDVLQJ3'($SURWHLQOHYHOVLQWKHϯϮϬ
KLSSRFDPSXVOHDYHVWKHFRQVROLGDWLRQRIORQJWHUPPHPRULHVIRUREMHFWLGHQWLW\XQGLVWXUEHGQ ϯϮϭ
$129$HIIHFWRIREMHFWSUHIHUHQFH) P WZRZD\$129$HIIHFWϯϮϮ
RIYLUXV) P LQWHUDFWLRQHIIHFW) P G2YHUH[SUHVVLRQϯϮϯ
RIWKH1WHUPLQDOODFNLQJ3'($ǻRUWKHVKRUWLVRIRUP3'($LQKLSSRFDPSDOQHXURQVGRHVϯϮϰ
QRWPRGXODWHPHPRU\FRQVROLGDWLRQIRUREMHFWORFDWLRQQ H*)3YV3'($ǻH*)3YVϯϮϱ
3'($WWHVWWZRZD\$129$ P!IRUERWKFRPSDULVRQVH, I,(OHYDWHGH[SUHVVLRQRIϯϮϲ
3'($LQKLSSRFDPSDOH[FLWDWRU\QHXURQVGRHVQRWDOWHUH[SORUDWRU\EHKDYLRULQDQRSHQILHOGϯϮϳ
Q WWHVW P = 0.175)RUDQ[LHW\OHYHOVLQWKH]HURPD]HQ WWHVW ϯϮϴ
P 7KHGRWWHGOLQHLQGLFDWHVQRSUHIHUHQFH$OOHUURUEDUVGHQRWHVHPLQGLFDWHVP ϯϮϵ
LQGLFDWHVP ϯϯϬ
)LJXUH)XOOOHQJWKEXWQRWWUXQFDWHG3'($DWWHQXDWHVIRUVNROLQPHGLDWHGF$03ϯϯϭ
UHVSRQVHVDVVHVVHGE\D)5(7LQGLFDWRUA)5(7F$03UHVSRQVHVZHUHPHDVXUHGLQϯϯϮ
FXOWXUHGKLSSRFDPSDOQHXURQVH[SUHVVLQJDFRQWUROFRQVWUXFW3'($RUWUXQFDWHG1WHUPLQDOϯϯϯ
ODFNLQJ3'($ǻDIWHUFRQVHFXWLYHEDWKDSSOLFDWLRQZLWKWKHDGHQ\ODWHF\FODVHDFWLYDWRUϯϯϰ
IRUVNROLQDQGSKRVSKRGLHVWHUDVHLQKLELWRU,%0;)RUVNROLQWUHDWPHQWVLJQLILFDQWO\HOHYDWHGϯϯϱ
F$03OHYHOVLQFRQWUROQHXURQVDQGQHXURQVH[SUHVVLQJ3'($ǻZKHUHDVWKHF$03UHVSRQVHϯϯϲ
ZDVDWWHQXDWHGLQQHXURQVRYHUH[SUHVVLQJIXOOOHQJWK3'($B$YHUDJH)5(7VHQVRUϯϯϳ
  +DYHNHVHWDO


UHVSRQVHVIRUWKHGLIIHUHQWWUHDWPHQWFRQGLWLRQV%DVHOLQH)5(7UHVSRQVHVZHUHQRWDIIHFWHGE\ϯϯϴ
RYHUH[SUHVVLRQRIHLWKHUFRQVWUXFWQ $129$HIIHFWRIFRQVWUXFW) P ϯϯϵ
([SUHVVLRQRI3'($EXWQRW3'($ǻDWWHQXDWHGWKHIRUVNROLQPHGLDWHG)5(7ϯϰϬ
UHVSRQVHQ $129$HIIHFWRIFRQVWUXFW) P3'($YVϯϰϭ
FRQWURO7XNH\WHVWP < 3'($YV3'($ǻ7XNH\WHVWP &RQVHFXWLYHEDWKϯϰϮ
DSSOLFDWLRQZLWKWKH3'(LQKLELWRU,%0;QRUPDOL]HGWKH)5(7UHVSRQVHV$129$HIIHFWRIϯϰϯ
FRQVWUXFW) P &7 FHOOVIURPSUHSDUDWLRQV3'($ FHOOVIURPϯϰϰ
SUHSDUDWLRQV3'($ǻ FHOOVIURPSUHSDUDWLRQV$OOHUURUEDUVGHQRWHVHPϯϰϱ
LQGLFDWHVPϯϰϲ
ϯϰϳ
)LJXUH/RVVRIWKHLVRIRUPXQLTXH1WHUPLQDOGRPDLQDOWHUVWKHFRPSDUWPHQWDOL]DWLRQRIϯϰϴ
3'($LQKLSSRFDPSDOQHXURQV)XOOOHQJWK3'($LVFRPSDUWPHQWDOL]HGWRERWKDϯϰϵ
GLVFUHWHSHULQXFOHDUDUHDDQGGHQGULWLFFRPSDUWPHQWVOHIWSDQHOV,QFRQWUDVWWUXQFDWHGϯϱϬ
3'($ODFNLQJWKH1WHUPLQDOGRPDLQXQLTXHIRUWKHLVRIRUPZDVORFDWHGSUHGRPLQDQWO\LQWKHϯϱϭ
SHULQXFOHDUUHJLRQPLGGOHSDQHOV3'($H[SUHVVLRQLVDEVHQWIURPWKHQXFOHXVULJKWSDQHOVϯϱϮ
ϯϱϯ
ϯϱϰ
ϯϱϱ
ϯϱϲ
ϯϱϳ
ϯϱϴ
ϯϱϵ
ϯϲϬ
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5HIHUHQFHVϯϲϭ
$EHO7+DYHNHV56DOHWLQ-0:DONHU036OHHSSODVWLFLW\DQGPHPRU\IURPPROHFXOHVϯϲϮ
WRZKROHEUDLQQHWZRUNV&XUU%LRO5ϯϲϯ
%DUDG0%RXUWFKRXODG]H5:LQGHU'**RODQ+.DQGHO(5ROLSUDPDW\SH,9ϯϲϰ
VSHFLILFSKRVSKRGLHVWHUDVHLQKLELWRUIDFLOLWDWHVWKHHVWDEOLVKPHQWRIORQJODVWLQJORQJϯϲϱ
WHUPSRWHQWLDWLRQDQGLPSURYHVPHPRU\3URF1DWO$FDG6FL86$ϯϲϲ
%DUEHU5%DLOOLH*6%HUJPDQQ56KHSKHUG0&6HSSHU5+RXVOD\0'+HHNH*9ϯϲϳ
'LIIHUHQWLDOH[SUHVVLRQRI3'(F$03SKRVSKRGLHVWHUDVHLVRIRUPVLQLQIODPPDWRU\FHOOVϯϲϴ
RIVPRNHUVZLWK&23'VPRNHUVZLWKRXW&23'DQGQRQVPRNHUV$PHULFDQMRXUQDORIϯϲϵ
SK\VLRORJ\/XQJFHOOXODUDQGPROHFXODUSK\VLRORJ\/ϯϳϬ
%HDUG0%2
&RQQHOO-&%ROJHU*%+RXVOD\0'7KHXQLTXH1WHUPLQDOGRPDLQRIWKHϯϳϭ
F$03SKRVSKRGLHVWHUDVH3'('DOORZVIRULQWHUDFWLRQZLWKVSHFLILF6+GRPDLQVϯϳϮ
)(%6/HWWϯϳϯ
%HDUG0%+XVWRQ(&DPSEHOO/*DOO,0F3KHH,<DUZRRG66FRWODQG*+RXVOD\0'ϯϳϰ
,QDGGLWLRQWRWKH6+ELQGLQJUHJLRQPXOWLSOHUHJLRQVZLWKLQWKH1WHUPLQDOϯϳϱ
QRQFDWDO\WLFSRUWLRQRIWKHF$03VSHFLILFSKRVSKRGLHVWHUDVH3'($FRQWULEXWHWRLWVϯϳϲ
LQWUDFHOOXODUWDUJHWLQJ&HOO6LJQDOϯϳϳ
%HUWROLQR$&ULSSD'GL'LR6)LFKWH.0XVPHFL*3RUUR95DSLVDUGD96DVWUH\ϯϳϴ
+HUQDQGH]06FKUDW]HU05ROLSUDPYHUVXVLPLSUDPLQHLQLQSDWLHQWVZLWKPDMRUϯϳϵ
PLQRURUDW\SLFDOGHSUHVVLYHGLVRUGHUDGRXEOHEOLQGGRXEOHGXPP\VWXG\DLPHGDWϯϴϬ
WHVWLQJDQRYHOWKHUDSHXWLFDSSURDFK,QWHUQDWLRQDOFOLQLFDOSV\FKRSKDUPDFRORJ\ϯϴϭ
ϯϴϮ
%ROJHU*%3HGHQ$+6WHHOH050DF.HQ]LH&0F(ZDQ'*:DOODFH'$+XVWRQ(%DLOOLHϯϴϯ
*6+RXVOD\0'$WWHQXDWLRQRIWKHDFWLYLW\RIWKHF$03VSHFLILFϯϴϰ
SKRVSKRGLHVWHUDVH3'($E\LQWHUDFWLRQZLWKWKHLPPXQRSKLOLQ;$3-%LRO&KHPϯϴϱ
ϯϴϲ
%RXUWFKRXODG]H5$EHO7%HUPDQ1*RUGRQ5/DSLGXV..DQGHO(5'LIIHUHQWϯϴϳ
WUDLQLQJSURFHGXUHVUHFUXLWHLWKHURQHRUWZRFULWLFDOSHULRGVIRUFRQWH[WXDOPHPRU\ϯϴϴ
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